planes.
Introduction
A method using either the transmission divergent X-ray beam technique or Kossel technique for the precise determination of the lattice parameter of c~-iron and some of its alloys has recently been proposed by Lutts & Gielen (1971) . As has been stated there, the lattice parameters obtained by this method depend upon, among other factors, the relative orientation of the single-crystal speci-men and the flat film. A misorientation of the crystal and film can produce a geometrical distortion of the deficiency conic sections recorded on the film and introduce, under certain conditions, an error in the measured lattice parameter.
Except for some preliminary calculations reported in the above work, no other knowledge of errors introduced by such misorientation is available for this method. To the author's knowledge, only Yakowitz (1965) and Morris (1968) have attempted to evaluate errors due to film misorientation.
The purpose of the present communication is thus to study in detail the influence of geometrical distortion on the lattice parameters determined by the abovementioned method. Whenever possible, these results will be applied to other transmission methods.
Experimental considerations
In the procedure proposed above, the lattice parameter of e-iron and some of its alloys is determined graphically by a ratio method involving, in general, only four measurements on a given flat film. These measurements yield three lengths from which it is possible to obtain graphically two non-independent values of the lattice parameter. A more precise value can be realized mathematically by means of successive approximations.
What are the different sources of errors which can influence the lattice parameter thus obtained? In addition to human error inherent in all physical measurements, it is possible to cite:
(1) An uncertainty in the temperature of the specimen or its variation during the exposure of the film;
(2) An uncertainty in the value of the wavelength employed, especially its value in the crystal; (3) Relative movement of the X-ray source, specimen and flat film during the latter's exposure; (4) Recording the deficiency conic sections on films having a non-planar surface;
(5) Non-uniform distortion of the film during and/or after processing; (6) Relative static misorientation of the specimen and film.
Since only the last possible source of error will be considered, it has been assumed that all others will have no influence on the results obtained below.
In the preceeding paper, a simple means of assuring the correct orientation relationship between specimen and film was proposed and described. As was also noted there and as will become clearly evident in what follows, it is also possible to realize another orientation relationship which will not introduce a parameter error. Briefly, it consists in recording on the flat film, in addition to the desired deficiency conic sections, the shadow of a fine wire reticule.
The reticule and film are mounted on an arm capable of being rotated about an axis passing through the X-ray point source. The intersection of the reticule corresponds to the geometrical centre of the film which is placed perpendicular to the arm. Thus, a line originating from the X-ray point source is perpendicular to the plane of the film at the shadow cast by the intersection of the reticule whatever the relative position of the source and the film. Care must be taken that the shadow of the wires does not mask the intersections of the conic sections necessary for the parameter determination.
The idealized orientation is shown in Fig. 1 . Here, the imaginary* point O -the intersection with the film of the (312) c~-iron plane normal which bisects the angle C'SC -coincides with the shadow cast by the intersecting wires, 0'. Let a coordinate system having the X-ray source, S, as its origin be constructed. It will be assumed that the specimen, not shown in Fig. 1 for reasons of clarity, is oriented such that the base line, passing through the points C', E, F, C and G, is parallel to the x axis" the points E, F, C and G lying, as shown, to the right of O. The imaginary point G is the intersection of the (002) e-iron plane normal with the film. In the absence of misorientation, the film, defined by the coordinate system y'Ox' is parallel to that defined by the upper coordinate system ySx, the axes y and y' and x and x' being respectively parallel. Let an axis IV, lying in the plane of the upper coordinate system, pass through the X-ray source, S.
Owing to symmetry considerations and, in the absence of film misorientation, the distances SC' and SC in Fig. 1 are equal. However, these are unknown since they depend upon both the lattice parameter (unknown at this moment) and the distance, X-ray source * The term imaginary is used here in the sense that the points and lines so indicated are not visible on the film.
-film, D, which is not known with a sufficient degree of precision.
In fact, all length measurements must be performed on the film itself. "l-hus, in the absence of misorientation, the distance C'O' or C'O is equal to the distance O'C or OC, the points O and O' being, in the absence of misorientation, superimposed. In the presence of film misorientation, the shadow of the reticule, O', will not coincide with the imaginary point O.
The most frequently encountered type of misorientation is that yielding a film shown schematically in Fig. 2(a) . The film has been turned,* as shown in Fig. 1 about the W axis, the specimen remaining fixed in its original position. The base line now passes through the points C'+, E+, F+, C +, and G + -the plus sign as shown here being used hereafter to indicate that the point so marked is recorded on the misoriented film. As a result, the intersection of the reticule, O', now lies in a off-centre position with respect to C '+ and C + since the relative orientation of the specimen and X-ray source has remained unchanged.
This general type of misorientation can be theoretically decomposed into those shown in Fig. 2(b) and (c).
That producing a film shown schematically in Fig The Type II misorientation, producing a film such as that shown schematically in Fig. 2(c) , can be obtained from Fig. 1 by rotating the film holder about the y axis, the specimen again remaining fixed in its original position. The base-line now passes through the shadow of the reticule, O', but the distances C' + O' and O'C + are no longer equal. This has been called the radial ease by Yakowitz (1965) .
It will be noticed that the intersection of the (312) ~-iron plane normal with the misoriented film, the imaginary point O +, is shown in Fig. 2(b) but not in Fig. 2 (a) nor in Fig. 2(c) .
If the original angular misorientation in each of the three instances described above, about the axes W, x, and y, is the same, it might be supposed that the imaginary point O + should be found somewhere on the imaginary circle whose radius is the distance O'O + -see Fig. 2(b) .
As will be shown below, however, the presence of a * All rotations of the film holder are assumezl to take place about axes passi.ag through the X-ray poi.qt source.
Type II misorientation introduces a non-uniform distortion of the base line through the points C '+, E +, F + and C +. As a result, the imaginary point O + cannot be placed midway between the points C '+ and C +. On the other hand, again anticipating future results, the Type I misorientation deforms the base line symmetrically with respect to its centre which is, as will be shown, the imaginary point O +.
Thus, the symmetrical distortion, Fig. 2(b) , will not introduce an error in the lattice parameter while a nonsymmetrical distortion, Fig. 2(a) and (c), will introduce an error. From simple geometrical considerations it is not difficult to show that the error introduced will be proportional to the component of the distance O'O + along the base line; that is, proportional to the component of the Type II misorientation. In the cases considered in Fig. 2 , the error should thus be zero in Fig.  2 (b) (zero Type II misorientation), pass through an intermediate value in Fig. 2(a) (partial Type II misorientation), and attain its maximum absolute value in Fig. 2(c) (pure or total Type II misorientation).
It is just in those cases where an error exists that it is impossible to determine the position of the imaginary point O + and, as a consequence, to know both O'O + and its component along the base line.
As will become clear below, the determination of the imaginary point O + and, as a consequence, the lattice parameter error in these cases, requires a simultaneous knowledge of the lattice parameter as well as the magnitude and sign of the angular misorientation.
Since a precise value of the lattice parameter is desired and the angular misorientation is unknown, it is not possible to determine experimentally the error in the former caused by the latter.
As will be shown below, it is possible to calculate the maximum possible error for a given angular misorientation [pure Type II, as shown in Fig. 2(c) ] as a function of the lattice parameter. Only then will it be possible to know the maximum magnitude as well as the sign of the error introduced. It will then be possible to reduce such errors experimentally, if necessary, to an acceptable value by means of the reticule or some other method.
Theoretical considerations
As has been shown previously, the lattice parameter is determined by a method involving the ratio of two lengths. From Fig. 1 these are" C'C the separation of the (121) and (211) respectively, the intersections of the Fe Kel and Fe Ke2 deficiency conic section produced by the (002) e-iron planes with the base line passing through the points C' and C. The configuration of the conic sections shown in Fig. 1 is characteristic of an e-iron crystal whose lattice parameter,* a, is greater than 2"863334 ~. When a is smaller than 2.862501 ,~ both the points E and F lie outside the lens-shaped figure to the right of the point C. When the lattice parameter equals 2.862501 A, the points E and C are in coincidence. The same will be true for the points F and C when a equals 2.863334 A. For intermediate values of a, the point C lies between the points E and F.
Thus, in considering all possible values of the lattice parameter and using both the K~I and K~2 deficiency conic sections produced by the (002) e-iron planes, there are five different possible configurations for these four conic sections. These were shown schematically in Fig degrees. Note that the same will be true for all angular misorientations, both positive and negative, of the Type I. Since the lattice parameter is determined by a ratio method, pure Type I misorientations will have no influence whatsoever.
* The lattice parameter values, uncorrected for refraction, are obtained using the wavelengths given by Bearden (1964) . DISTORTION OF DEFICIENCY CONIC SECTIONS
In fact, insofar as the length* of the base line is concerned, the same result could have been obtained by simply increasing the X-ray source-to-film distance from D to D sec,g while keeping the plane of the film perpendicular to SO as shown in Fig. 4(a) and (b) .
B. Influence of pure Type 1I misorientations [Fig. 3(c)]
Even a summary consideration will show that any such misorientation will deform the base line in a nonsymmetrical manner, increasing that part of its length on the obtuse angle side and decreasing that part on the acute angle side.
Anticipating results that will be justified below, it is possible to show that equal positive or negative rotations of the film holder about the y axis of Fig. 1 will deform the original length C'C in exactly the same manner. However, such would surely not be true for a eccentric segment of the base line such as that represented by the distance between the points E and C.
Since the lattice parameter is determined from the ratio of these two lengths -C'C/EC or C'C/CE depending upon the lattice parameter region -it now appears that it will be necessary to consider the sign as well as the magnitude of the angular misorientation.
In all cases to be considered below for Type II misorientations, the film is assumed to be rotated about the y axis of Fig. 1 passing through the X-ray point source, S, the perpendicular distance X-ray sourcefilm distance, D, remaining constant and the specimen remaining fixed in its original position.
The plane in Fig. 1 defined by the X-ray source and the base line passing through C' and C-the x' axislies in the plane of Fig. 5(a) . In the absence of misorientation the distances C'O and OC are equal. After a positive rotation of o9 degrees about the y axis of Fig. 1 , the base line takes on its misoriented position - Fig. 5(a) .
Depending upon the value of co, the point O', the intersection of the reticule, will lie on a circle of radius D having the X-ray source as its centre. The intersection of the misoriented and original base lines, the point O0, will be displaced along the original base line, its distance from O increasing with the angular misorientation co. It is not difficult to show that the line SOp bisects the angle OSO'= o9.
For mathematical convenience in the following treatment, only those values of co will be considered for which the shadow of the reticule, O', lies, for negative misorientations, to the right of the point C '÷ and, for positive misorientations, to the left of both C ÷ and E ÷. Thus, the absolute value of o9 will always be less than the smallest of the two angles A and L -see Fig. 1 .
Let us now determine the influence of a positive film misorientation on the length of the distance C'C -the * Any Iotation of the film will distort the conic sections on the film. This has not been shown in Fig. 2 since it is the length along the base-line and not thc form of the conics which is important here. numerator of the ratio used for the lattice-parameter determination.
From Fig one can finally obtain:
in which C'÷C + represents the original or non-deformed length C'C after a positive film misorientation of co degrees, the latter being such that A >co. Note that an identical relationship is obtained for a negative film misorientation of co degrees thus confirming the statement made above. From equation (6) it can easily be seen that the deformed length, C' + C + will always be greater than the original length C'C. Also, as remarked above, the distortion will be a function of both the lattice parameter (through the angle A -see Fig. 1 ) and the angular misorientation co. It is also evident that C'+C + --+ C'C as co--+ O.
The Since cos (A + co) < cos (A -co), C' + O + > O + C + for a positive misorientation. It can also easily be shown that the inverse will be true for a negative misorientation. The sum of these two distances will, as shown above, be the same for a given positive and negative misorientation.
Thus, as has been stated above, without a knowledge of co (its sign and its magnitude) as well as the lattice parameter, a, it is impossible to determine the position of the imaginary point O + in the case of Type II film misorientations.
It is now possible to apply the above results to another transmission method. That proposed by Heise (1962) for the lattice-parameter determination of nickel crystals employs the ratio technique involving two lengths having a unique centre of symmetry.
This author measured the lengths between the intersections of the Ni Kel and the Ni K~ 2 deficiency conic sections produced by the (004) and (222) nickel planes. These lengths were called L1 and L2 respectively.
For the same reasons as given above, pure Type I film misorientations will not have any effect upon the lattice parameter of nickel crystals obtained using the Heise method.
Suppose now that the film is displaced to give a pure Type II misorientation. Using the notation followed here, the above two lengths now become L + and L2. 
where ~1/2 corresponds to the angle A in the notation used here. A relation similar to equation (9) can be written for the deformed length L +. Using equation (9) and the fact that:
where t is the distance X-ray source -film distance, the ratio of these two deformed lengths yields:
As a result of the relative values of t, L~, and Lz, it is to be expected that the term in brackets of equation (11) should only be very slightly larger than unity. In fact, proposing a nickel lattice parameter of 3.5286 A and a relatively large angular misorientation of 5 °, one obtains, using for the Ni Kel and Kez wavelengths 1.65784 and 1.66169 A respectively, a value of 1.000004 for this term. As a result, both L~+/L~ and its square will differ from their undeformed counterparts by extremely small amounts.
It can thus be concluded that even a relatively large Type II film misorientation will not introduce a measurable error in the lattice parameter of nickel as determined by the Heise method. This is, as will become clear below, a result of the center of symmetry inherent in this method.
Let us now return and consider the influence of a positive film misorientation of co degrees on the original length EC-the denominator of the length ratio
C~ ~cl
Case I, a > 2.862501 ]k, co > 0.
As can be seen from Fig 
= l _ osL_
where, from Fig. 1 ,
Knowing OoC + from equation (2) and using the relation
it is possible, neglecting intermediate steps, to show, for A > co and L > co, that:
Case II, a > 2.862501 A, co < 0. If the same procedure is carried out for a negative film misorientation -see Fig. 6(a) and (b) -we obtain, DISTORTION OF DEFICIENCY CONIC SECTIONS for A > 1091 and L > I091:
From equation (15) it can easily be seen that, for a positive misorientation (Case I), the deformed length, E+C +, is less than that obtained in the absence of film misorientation, EC. Exactly the inverse is true in the case of a negative film misorientation (Case II) -equation (16). In both equations (15) and (16) Dividing equation (6) by equation (15) and rearranging one obtains, for A > 09 and L > 09:
Case II, a > 2.86250~ ~, 09 < 0. A similar procedure using equations (6) and (16) 
Equations (17) and (I 8) can be reduced, respectively, to the following simplified notation:
R + =k+R
(19) and R + = k_ R (20) in which R + and R represent, respectively, the deformed and non-deformed length ratios and k+ and k_ represent, also respectively, the coefficients of deformation caused by a positive and a negative film misorientation of 09 degrees. Comparing equations (17) and (18) it can be seen that the only difference between k+ and k_ is a change in sign of the last two terms in their numerators.
Neglecting for the moment the very small contribution of sin 2 co in the denominator of equation (1 7), k + is, to a very good approximation:
cos A cos L .....
Since cos (A -09) > cos A and cos (L-09) > cos L, k+>l and, as a consequence, from equation (19), R+>R. A similar procedure, using equation (18) yields k_ < 1. As a result, from equation (20), R + < R.
Thus, for the same o~-iron crystal whose lattice parameter is greater than 2.862501 ~, a positive and a negative film misorientation of a given absolute value will give two different length ratios neither of which is equal to that of the undeformed ratio, R.
It is now necessary to consider the two remaining general cases.* Case Ill, a< 2"86250x ,~, co>0.
The relations yielding the length OoC + are identical to those of Case I -see equations (2) and (12). However, L is now greater than A.
Thus,
Neglecting intermediate steps, it is possible to show that :
Case IV, a < 2"862501 A, 09 < 0. Using the same procedure:
[ cos co ,
In both equations (22) and (23) As a result, for the deformed length ratio, that of Case III will be identical to that of Case I [equation (17)] while the same will be true for Case IV and Case II [equation (18)]. The corresponding equations for Case III and Case IV can thus be reduced, respectively, to the following simplified notation:
and
The variation, in the absence of film misorientation, of the length ratios C'C/EC and C'C/CE with the c~-iron lattice parameter is shown schematically in Fig. 7 .
Using the above-mentioned influence of distortion on these two length ratios, it is possible to predict the sign of the error introduced in each of the 4 cases described above.
Cases I and II. (a > 2.86250~ A).
As shown schematically in Fig. 7 , positive and negative film misorientations yield apparent lattice parameters which are, respectively, smaller, a +, and larger, a +, than that obtained in the absence of film misorientation, a.
Cases III and IV. (a < 2.86250~ A).
Here, the results are just the inverse of those described above.
In both these two groups, it can easily be seen from Fig. 7 that, for a given AR, that resulting from a negative misorientation, AR=R-R +, will introduce a larger absolute lattice parameter error, Aa=a-a +, than that involving a positive film misorientation. It is also not difficult to show from Fig. 7 that, for a given film misorientation, the induced parameter error will increase as the true parameter differs more and more from that characteristic of coincidence -2.86250~ A. Case V. (a=2-86250~ A). In this extremely rare case for which coincidence of the points C and E is observed in the absence of film misorientation, coincidence will, of course, be observed for the points C ÷ and E + at all angular misorientations. Thus, Type II misorientations will have no influence whatsoever on the lattice parameter.
The preceeding results concerning the sign of the induced parameter errors are summarized in Table 1 . 
As has just been shown, if the deformed length ratio, R ÷, is used instead of the non-deformed ratio, R, the resulting lattice parameter will be either a_ + or a~_ instead of the true lattice parameter, a.
This is exactly what would occur if the influence of film misorientation was not taken into consideration.
The non-deformed ratio, R, can be calculated as a function of the lattice parameter, a-see Lutts & Gielen (1970) . These values were used, in fact, to draw the curves shown in Figs. 6 and 7 of that communication.
Likewise, it is possible to calculate values of k + and k_ as functions of both the lattice parameter and angular misorientation using equations (17) and (18) as described above. It will thus be possible to obtain a series of R ÷ values, which, using the curve of R vs. a shown in Fig. 6 or Fig. 7 referred above, makes it possible to determine graphically Aa as defined in Table 1 .
A more precise procedure involves a linear interpolation between the known points from which the curve of R vs. a was drawn. In order to obtain a significant degree of precision it is evident that the number of these known points must not be too limited. In fact, the curve shown in Fig. 7 of the above-mentioned reference was drawn using 41 points in the latticeparameter region considered. The maximum parameter spacing between successive points was 0"005000 3, in the region to the far left and far right of the parameter corresponding to coincidence. As this latter point was approached, the parameter spacings between successive points were continuously reduced and finally reached 0.00000~ A. Thus, to a very good approximation, the values of Aa obtained by simple linear interpolation appear to be sufficiently precise.
The lattice parameter errors obtained using several selected positive and negative angular misorientations are plotted as a function of the lattice parameter in Fig. 8 .
Discussion of results
The most important result revealed by Fig. 8 is that, except in the immediate vicinity of the lattice parameter characteristic of coincidence -2.86250z ]~, the parameter errors induced by Type II film misorientations are, by no means, negligible. They can, in fact, become so large as to render this transmission Kossel and divergent-beam technique nearly useless for precise parameter determinations.
As is clearly evident, lattice-parameter errors induced by all Type II film misorientations vanish at the lattice parameter corresponding to coincidence.
The sign of the parameter error depends upon both the sign of the angular misorientation as well as the lattice-parameter region considered.
Also, as has already been stated, for a given positive or negative misorientation, the error increases continuously, in absolute value, as the parameter differs more and more from that of coincidence.
For a given lattice parameter, different from that of coincidence, the absolute value of the induced parameter error increases with the angular misorientation.
Calculations have shown that a negative misorientation will introduce a larger absolute parameter error than the same positive misorientation. Such a behaviour is readily evident from Fig. 8 especially ill the immediate vicinity of coincidence. This effect had been previously predicted uniquely on the basis of a graphical consideration of Fig. 7 . Fig. 8 shows in a striking manner how the latticeparameter error can be decreased by decreasing the angular film misorientation. Calculations have shown, for example, when assuming an angular misorientation of +004 ', that a maximum absolute parameter error of only 0-3 x 10 -5 A will be induced in the parameter region considered here. Such an error is insignificant when one considers those errors due to other sources enumerated above. It is, in fact, not possible to indicate the curves for + 004 ' in Fig. 8 .
As has been previously shown, the parameter errors due to even a relatively large Type II film misorientation in the symmetrical method developed by Heise are extremely small. In contrast, relatively small Type II film misorientations can introduce significant errors in the non-symmetrical method proposed for a-iron. Another good example of a non-symmetrical ratio method is that proposed by Hanneman, Ogilvie & Modrzejewski (1962) for the lattice parameter deterruination of nickel. The geometry of this method and that proposed for a-iron are, in fact, quite similar. Comparing Fig. 5 of the above-mentioned reference and Fig. 1 of the present work, it can be seen that the curvatures of the (111) Ni and (002) a-iron conic sections are opposite.
Both methods employ as one element of the length ratio a off-centre segment along the base line. As was the case for a-iron, the length of this off-centre segment L + [the (111) Ka~-Kfl separation] on the misoriented film will depend upon the sign of the angular misorientation. Likewise, in both cases, the numerator of each length ratio -C'C and CG -will each be deformed in a manner independent of the sign of the angular misorientation. Thus, as was the case for a-iron, the deformed length ratio for nickel -C+G +/L + -will also depend upon the sign of the misorientation as will, in consequence, the sign of the resulting parameter error.
In the case of the Heise method, both elements of the length ratio have the same centre of symmetry. Any Type II misorientation will deform both these elements in the same manner. The coefficient k of equation (11) will thus, as has already been remarked, be very nearly unity. Thus, the deformed length ratio and, as a consequence, the resulting parameter will both be nearly identical with those obtained in the absence of misorientation. In addition, since k is greater than unity for both positive and negatire film misorientations, the lattice-parameter error, Aa=a-a +, will always be positive.
Conclusions
As has been shown above, the most commonly encountered type of film misorientation can be theoretically decomposed into its two pure constituents.
That defined as the Type I component can be shown to have no influence whatsoever on the lattice parameter obtained by means of a length ratio method.
The Type II component can be shown to be responsible for the entire lattice-parameter error due to film misorientation in such methods. In the method proposed for a-iron, the error thus induced has been discussed in the preceeding section.
In the case of linearly non-symmetrical ratio methods for which that proposed for a-iron is a good example, the lattice-parameter error induced by Type I1 film misorientations can become relatively large in ab- solute value. In addition, the sign of the error will depend upon the sign of the angular misorientation. In contrast, for linearly symmetrical ratio methods, the lattice-parameter errors should be exceedingly small and may, in some cases, not be detectable. Furthermore, the error, as defined above, will always be positive for all film misorientations.
The relatively important influence of film misorientation on the lattice-parameter error in the first group of ratio methods is thus due to their lack of linear symmetry along the base line.
In the special case of the ratio method proposed for e-iron, the geometry of Type II film misorientations is such that it is not possible to determine experimentally the lattice-parameter error since the latter is a function of both the lattice parameter itself and the sign of the angular misorientation.
As the results of this study clearly show, it should, fortunately, be possible to reduce the lattice-parameter errors in these non-symmetrical methods to a low value by means of the reticule method or some other similar method.
Introduction
A low-temperature technique for X-ray diffraction is necessary to Study many interesting inorganic compounds which are either gases or liquids at room temperature or, if solid, possess a very high vapor pressure. In many instances such compounds are also very reactive chemically. Specimens must be sealed in capillaries of suitably chosen inert materials which, depending upon circumstances, may be quartz (sealed under strictly anhydrous conditions), fluorothene, or fluorinated ethylene propylene copolymer. Often it is impossible to seal a capillary at a point immediately adjacent to the specimen without causing decomposition or some other unwanted chemical action. Thus, in unfavorable cases one may be forced to settle for a capillary that is several centimeters long. Such a specimen can be decidedly awkward to handle on X-ray apparatus and puts definite constraints on the cooling system adopted. The system to be described is based on the technique of cooling by a stream of cold gas which was introduced by Fankuchen and coworkers [Kaufman & Fankuchen, 1949; see Post (1964) for a summary of many subsequent adaptations]. This approach has been developed to a very sophisticated level in more recent years by Abowitz & Ladell (1968) and Rudman & Godel (1969) . We have satisfied a specific set of requirements discussed below with a somewhat simpler apparatus which is essentially an updating of techniques that we described more than 20 years ago (Burbank & Bensey, 1953) .
Design requirements
To cool a small single crystal, which is both chemically and physically stable in the atmosphere at room temperature, for a few hours is simple because the volume of space to be cooled is hardly larger than the volume of the crystal. Many commercial devices are now available which will perform this function satisfactorily.
In optics it is impossible to construct a 'universal' camera because of limitations on lens design. Similarly, it is impossible to construct a 'universal' cooling system. There must be compromises to satisfy the parameters of a particular problem. For our problem we have the following requirements:
